Abstract-Solvolysis studies of pivaloyl triflate were carried out in the ionic liquid 1-butyl-3-methylimidazolium bistrifluoromethanesulfonamide with various cosolvents. Reaction solutions were analyzed by 1 H NMR and the relative amounts of substitution and elimination products measured. It was found that regardless of cosolvent, increasing the ionic liquid:cosolvent ratio leads to increased elimination product. The rate of increase, however, is dependent on the identity of the cosolvent. Kamlet-Taft solvatochromic parameters of hydrogen bond accepting and donating ability were invoked to explain this phenomenon.
I. INTRODUCTION UCLEOPHILIC substitution reactions in ionic liquids have been the topic of much interest recently.
Most studies have involved bimolecular substitution reactions. It has been found that generally, these substitution reactions occur more quickly in ionic liquid solvents and generate a smaller amount of unwanted elimination products. These observations have lead some to conclude that ionic liquids increase the nucleophilicity of solute molecules, leading to a special "Ionic Liquid Effect." [1] [2] [3] More recent studies by Welton and coworkers, however, have shown that these results are expected based on Hughes-Ingold rules of solvent effects. [4] [5] [6] [7] This work is summarized in a review by Lancaster. 8 In fact, very few examples of a special "IL effect" have been convincingly demonstrated in the literature. 9, 10 Welton and coworkers invoked Kamlet- T. R. G. and S.A. were both students at Mills College at the time the work was completed.
liquids to explain the apparent increase in nucleophilicity of solute molecules in ionic liquids. Upon studying bimolecular substitution reactions of halides in various bistrifluoromethanesulfonamide ionic liquids, Welton concluded that the stronger the H-bond donating ability of the ionic liquid (as determined by the cation), the less reactive the nucleophile. Conversely, it was reasoned that the stronger the H-bond accepting ability of the ionic liquid (as determined by the anion), the more reactive the nucleophile. It was found however, that resulting effects on nucleophilicity were far more complex than originally thought. An excellent review encompassing substitution reactions in ionic liquid solvents was recently published by Hallett and Welton. 11 Comparatively few studies have been carried out on the effects of ionic liquid solvents on analogous unimolecular substitution reactions involving carbocationic intermediates. We therefore chose to study such reactions in ionic liquids with various added nucleophiles in an effort to determine the effect, if any, of ionic liquids on nucleophilicity in these reactions.
A study of reaction rates in methanol/[C 4 C 1 im][NTf 2 ] mixtures has shown that the ionic liquid does not have a significant impact on rates of these reactions. 12 It is important to note, however, that information gained from such a rate study is limited to the effects of ionic liquid on carbocation formation and does not give information on effects of the ionic liquid on nucleophile reactivity (since rates of these reactions are governed by carbocation formation).
Carbocations formed in solvolysis reactions generally react with solvent molecules via two competing processes: nucleophilic attack to yield the substitution product, or deprotonation to yield the elimination product. We therefore chose to analyze how the ionic liquid affects the nucleophilicity versus basicity of solute compounds.
We have previously shown that although ionic liquids are polar aprotic solvents, they do support carbocation formation. 13 It should also be noted that the ionic liquid 
II. RESULTS AND DISCUSSION
The present study involves the solvolysis reaction of α-keto triflate 1 in the ionic liquid 1-butyl-3-methylimidazolium bistrifluoromethanesulfonamide ([C 4 C 1 im][NTf 2 ]), 2, with several protic cosolvents at various concentrations. Analysis of product ratios allows for a direct comparison of cosolvent nucleophilicity versus basicity as affected by the ionic liquid. Triflate 1 has that added advantage that it is well known to solvolyze via a k Δ process (i.e. ionization with rearrangement), so there is no question of competing bimolecular reaction pathways. The resulting rearranged carbocation 3 undergoes nucleophilic attack by solvent "HOS" to yield the substitution product, 4, or loss of a proton to yield the elimination product, 5, as illustrated in Scheme 1.
14 This solvolysis, when carried out in protic solvents, generally results in significant amounts of both products. Studies in acetic acid have shown a roughly 1:1 ratio of substitution to elimination product. 14 In an ionic liquid/protic cosolvent mixture, it is expected that the cosolvent "HOS" would again act as either nucleophile or base resulting in a mixture of substitution and elimination products.
Indeed, our prior study in [C 4 C 1 im][NTf 2 ] containing a small amount of water yielded approximately 42% alcohol substitution product and 58% elimination product. The solvents chosen for this study are methanol-d4, ethanold6, trifluoroethanol-d3 and acetic acid-d4. Deuterated solvents were chosen for simplification of product analysis. Reaction solutions were analyzed directly by 1 H NMR without workup. In most cases, product ratios were determined by integration of the 1 H NMR signals corresponding to the tertbutyl groups of the two products. The data is graphed in Figure 1 .
For all cosolvents, we observed that increasing the ratio of [C 4 C 1 im][NTf 2 ] to cosolvent resulted in an increase of elimination product. This suggests that increasing the amount of ionic liquid causes the co-solvent to become more basic rather than more nucleophilic. One can also see that the graphs are not linear. The slope of each graph increases as 100% ionic liquid solution is approached. This suggests that the observed effect intensifies with larger amounts of ionic liquid.
An analysis of hydrogen bond donor and acceptor ability of the solvent system may help to explain these observations. Table 1 lists Kamlet-Taft solvatochromic parameters α (hydrogen bond donating ability) and β (hydrogen bond acceptor ability) for [C 4 C 1 im][NTf 2 ] and each of the protic cosolvents. 15, 16 It should be noted that values given in Table 1 are for non-deuterated forms of each of these solvents whereas deuterated versions were used in the present study. It has been demonstrated that D-bonding is very similar to Hbonding, though the interactions are stronger in D-analogs of neutral species due to differences in zero-point vibrational energies. 17 In the present study, therefore, we are most likely seeing a magnified effect of changing the "H-bonding" ability of the solvent system due to the presence of deuterium. To substantiate this hypothesis, a set of reactions was carried out using non-deuterated methanol as the cosolvent. The reactions were worked up and crude product mixtures analyzed by 1 H NMR. Product ratios were determined by integration of the peaks corresponding to the α-carbonyl proton in each product. Figure 2 compares the results of these reactions with those using deuterated methanol. The same trend of increasing elimination product with increasing [C 4 C 1 im][NTf 2 ] concentration is observed. As predicted, the slope of the plot using non-deuterated methanol is smaller than that of the deuterated methanol. Each of the protic cosolvents has both higher α and β values than [C 4 C 1 im][NTf 2 ]. Therefore as more ionic liquid is added to the reaction solution, the overall α and β values decrease, though some studies have shown that this does not occur in a linear fashion. [18] [19] [20] In other words, as the amount of ionic liquid is increased, the solvent system becomes both a weaker H-bond donor and a weaker H-bond acceptor. Both the carbocation and the nucleophile should be affected by changes in the H-bonding ability of the solvent system. The carbocation is so reactive however, that any stabilizing effects resulting from H-bonding most likely have a negligible effect on reaction outcome. We chose therefore to focus on the effects of H-bonding on nucleophile reactivity.
Taken individually, this change in α and β gives two conflicting effects on nucleophile reactivity. As the H-bond donating ability (α) of the solvent system decreases, the nulcoeophile becomes harder and more reactive (the lone pairs of electrons are more available for attack), and thus more likely to act as a base. This should result in increased elimination product. Contrarily, as the H-bond accepting ability (β) of the solvent system decreases, the nucleophile becomes softer and less reactive (the acidic proton is not being pulled away), and thus more likely to act as a nucleophile. This should result in decreased elimination product. Since an increase in elimination product is observed, it is apparent that the H-bond donating ability (α) of the solvent system has a larger effect on nucleophile reactivity. 
III. CONCLUSION
We conclude that increasing [C 4 C 1 im][NTf 2 ] concentration in solvolyses involving carbocation intermediates causes the protic cosolvent to become more basic, resulting in increased elimination product. This effect can be mostly rationalized by invoking hydrogen-bond donor and acceptor effects of the solvent system.
The non-linearity of this relationship however, indicates that a complete explanation may be more complex. Studies are currently underway to gain a better understanding of this phenomenon, including isolation of the individual effects of varying the hydrogen-bond donating or accepting ability (by altering the ionic liquid solvent) on the nucleophilicity versus basicity of the protic cosolvent. 
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